The purpose of this study was to develop and test a measure of physical activity for residents in long-term-care facilities, the Physical Activity Survey in Long-Term Care (PAS-LTC). Sixty-six activities are included in the PAS-LTC: routine physical activity, personal-care activities, structured exercise, recreational activities, caretaking activities, and repetitive activities. The study included 13 residents in a long-term-care facility, most of whom were women (62%), with an average age of 84 years (± 6.0) and an average Mini Mental State Examination score of 6 (± 6.9). There was evidence of interrater reliability of the PAS-LTC with intraclass correlations of .83-.94. There was some evidence of validity of the measure with statistically significant correlations between PAS-LTC recorded during the evening and night shifts and the number of counts of activity per the ActiGraph (r = .60 and r = .57, respectively, p < .05) and the calories estimated (r = .58 and r = .60, respectively, p < .05). The PAS-LTC completed during the day shift and total activity based on the PAS-LTC showed nonsignificant correlations of .40 or greater with the ActiGraph activity counts and calories.
to realistically be completed by nursing assistants working with residents and to describe the physical activity of residents in long-term-care settings. The ability to accurately measure physical activity in these individuals is essential to enable researchers to continue to test the benefits of physical activity, to explore the dose effect of particular activities, and to identify appropriate interventions to increase physical activity in individuals living in long-term-care facilities.
Specific Challenges of Measuring Physical Activity in Older Adults
There are a wide variety of methods available to measure physical activity in older adults, including survey reports, actigraphy, and pedometers. Each of these methods measures only a single aspect of overall activity, such as steps taken, movements in vertical planes, or subjective reports of activities. Of these, survey reports tend to be the most popular method of measurement because of their low cost and ease of administration. Unfortunately the reliability and validity of surveys is inconsistent, and survey results frequently overestimate activity (Allison, Keller, & Hutchinson, 1998; Branch & Meyers, 1987; Dishman, Darracott, & Lambert, 1992; Paffenbarger, Blair, Lee, & Hyde, 1993; Pols, Peeters, Kemper, & Collette, 1996; Sims, Smith, Duffy, & Hilton, 1999) . In studies with both adults and older adult samples, different survey measures of activity were not strongly associated with each other (Jacobs, Ainsworth, Hartman, & Leon, 1993; Leenders, Sherman, & Nagaraja, 2000; Pols et al.; Sims et al.; Young, Jee, & Appel, 2001) , with objective measures of activity (Allison et al.; Harada, Chiu, King, & Stewart, 2001; Leenders et al.; McDermott et al., 2000; Schonhofer, Ardes, Geibel, Kohler, & Jones, 1997; Sims et al.; Attempts to triangulate activity measures or validate one type of measure against another have in some situations demonstrated only a weak relationship between the measures (Allison et al., 1998; Leenders et al., 2000; McDermott et al., 2000; Sims et al., 1999; Sirard et al., 2000; Wareham & Rennie, 1998) . Ideally, conceptualizing physical activity as composed of multiple measures might be a more useful way to fully understand and appropriately measure this construct. Surveys developed to measure physical activity identify a broad range of activity, pedometers capture the number of actual weight-bearing steps taken, and activity monitors capture movements in all directions. Together these equal a full spectrum of physical activity. Although optimal, this type of measurement is not practical for residents in long-term-care facilities. Although these individuals have been noted to tolerate wearing activity monitors (Mishima, Hishikawa, & Okawa, 1998; Mishima et al., 1997; Singer et al., 2003) , there is the risk that objective measurement devices will be misplaced or removed by the resident or staff in the facility. More important, the limited amount of activity generally noted in these individuals might not be recognized or recorded by these devices. For example, a pedometer does not pick up activity related to bathing and dressing. Recognizing the challenges of measuring physical activity, we developed the PAS-LTC as a way to be able to comprehensively and practically measure physical activity in these settings.
Development of the PAS-LTC
The PAS-LTC (see the appendix) was developed using the same framework as that of the Yale Physical Activity Survey (DiPietro et al., 1993) . A core group of two geriatric nurse practitioners and three nursing assistants considered all possible types of physical activity commonly noted in residents in long-term-care facilities. The measure was reviewed by an additional geriatric nurse practitioner, a geriatric psychiatrist, and three nursing assistants to determine whether additional activity items were needed. These activities were categorized into routine physical activity, personal-care activities, structured exercise, recreational activities, caretaking activities, and repetitive activities. Routine activities are those that occur on a daily basis for all residents, for example, bathing, dressing, and going to meals. Within these six categories there are 66 specific activities. In addition, each item has a brief description of the activity to be observed. For example, wandering is described as "paces or wheels self without clear purpose," and sorting is described as "moving and arranging belongings in a location such as own room, peer's room, or nurses' station."
A start and stop time was to be recorded, as well as the total time in minutes per shift in which each activity was engaged. The amount of time recorded was summed for each category, and all categories were summed to describe the amount of time spent in physical activity. Nursing assistants were given one-onone instruction on how to complete the measure during their first exposure to it. The individual instruction sessions lasted approximately 3-5 min and included a review of the written directions on the first page of the survey. Nursing assistants were given the opportunity to ask questions after instruction and were asked to complete the survey independently during their 8-hr shifts without input about the resident's activity from other staff members. They were instructed to record activities as they occurred throughout the day and then to review and calculate totals at the end of their shifts.
Methods

Design and Sample
This was a descriptive study in which residents in a long-term-care setting were observed during the course of a routine day. Residents were recruited from a single nursing home that housed 66 residents at the time of the study. All the residents living in the facility who were 65 years of age at the time of the study were eligible to participate, regardless of functional status, cognitive status, or overall health. There were no exclusions to participation. Eligible residents were randomly selected from a list of the 66 residents provided by the facility using an SPSS random-selection program and were then invited to participate in the study. Initially a target sample size of 10-15 residents was planned because it was anticipated that this would be sufficient, given the pilot nature of this study, to demonstrate significant relationships between variables and provide sufficient information to develop a larger trial comprehensively testing the PAS-LTC. Once the residents had been selected, consent to participate in the study was obtained from either the residents or their power of attorney. If a resident was unable to successfully pass the evaluation to sign the consent form, as per the institutional review board, the resident was asked if he or she was willing to provide assent (i.e., to sign a form indicating a willingness to consider participation). If the resident assented to participate, his or her power of attorney was asked to provide consent. A total of 17 residents were approached to participate in the study. Of these, 2 were able to provide their own consent to participate; 11 assented but were unable to provide consent to participate, and the power of attorney provided that consent; and 4 refused to participate. All of the participants were White, with an average age of 84.0 (SD = 6.0) years. Overall they had 11.8 (SD = 2.0) years of education, had lived in the facility for 2.6 (SD = 2.0) years, and had an average Mini Mental State Examination score of 6 (SD = 6.9). Sixty-two percent (8) were married and were women.
Procedure
After consent to participate in the study, descriptive data were obtained on each resident, including age, gender, ethnicity, marital status, length of stay in the longterm-care facility, medical diagnoses, and cognitive ability measured using the Mini Mental State Examination (Folstein, Folstein, & McHugh, 1975) . Within 24 hr of collecting descriptive data, the ActiGraph, an objective measure of physical activity, was placed on the resident's waist for 24 hr. During the time that the resident was wearing the ActiGraph, both the primary nursing assistant working with the resident and a second nursing assistant working on the same unit were asked to complete the PAS-LTC and the Barthel Index (Mahoney & Barthel, 1965) , a measure specifically focused on activities of daily living (e.g., bathing, dressing, toileting). These individuals completed the PAS-LTC for their shift of duty (i.e., days, evenings, or nights). The nursing assistants were told to return their surveys to the research assistant at the end of the shift. Data were deliberately collected immediately at the end of the shift to decrease the risk of the staff members' forgetting about activities by not completing the forms until the following day and to prevent possible influence of after-shift discussions among nursing assistants who might have observed the same resident.
Measures
As indicated, in addition to descriptive data and the completion of the PAS-LTC, the Actigraph was used to obtain the objective measure of physical activity, and the Barthel Index was obtained to describe functional activities.
ActiGraph. The ActiGraph is an accelerometer that records activity in set epochs of time, stores the activity, and then interfaces with a computer program. The ActiGraph is 2 by 1.5 by 0.6 in. (5.1 by 3.8 by 1.5 cm), weighs 1.5 oz (42.5 g), and is tamperproof and water-resistant. It has no external switches, jacks, or displays to attract the residents' attention. The ActiGraph provides information about physical activity using a set epoch, which in this study was set at 1-min intervals. The data are recorded in counts, and one count is equivalent to 16 mG per second. Activity counts are the summation of the accelerations measured during the cycle period. These counts are the measure of activity undertaken. In addition, information about the amount of time (in minutes) the individual is engaged in light, moderate, and heavy exercise is provided, as well as the estimated kilocalories burned based on age and basal metabolic index. As part of the ActiGraph program, the work-energy theorem and the Freedson equation were both used to calculate intensity of physical activity. The work-energy theorem states that work is force times distance and is equivalent to the change in energy. Body mass times gravity is the force, and the distance is calculated. This equation is used for counts less than 1,952. The Freedson equation was derived from the analysis of VO 2 consumption on participants walking and running on a treadmill. Counts must exceed 1,952/min for this equation to be used. Light activity was defined as less than 1,952 counts/min or less than 2.99 metabolic equivalents (METs), moderate activity was 1,953-5,724 counts or 3.0-5.99 METs, hard activity was 5,725-9,498 counts or 6.0-8.99 METs, and very hard activity was more than 9,499 counts/min or more than 9.0 METs (ActiGraph, 2004) .
The ActiGraph has been used often in studies with older adults, although most of these focused on sleep and sleep-wake cycles (Friedman et al., 2000; Mishima et al., 1997 Mishima et al., , 1998 Shirota, Tamaki, Hayashi, & Hori, 2000; Singer et al., 2003; Tozawa et al., 2003; Vinzio, Ruellan, Perrin, Schlienger, & Goichot, 2003) . Several of these studies were done with residents of long-term-care facilities who had Alzheimer's disease (Mishima et al., 1997 (Mishima et al., , 1998 Singer et al.) , and they provided evidence that individuals with significant cognitive impairment were able to tolerate wearing the devices for up to 7 days. This device was also noted to be highly correlated with observed number of steps when worn by residents in long-termcare facilities (Cohen-Mansfield, Werner, Culpepper, Wolfson, & Bickel, 1997) . Use of the ActiGraph with healthy older adults provided evidence of test-retest reliability (r = .98) and validity based on a significant relationship with oxygen uptake (r = .73), heart rate (r = .71), physical activities (r = .46), and sedentary activities (r = .35).
Barthel Index. The Barthel Index (BI; Mahoney & Barthel, 1965 ) is a measure of function that specifically assesses a patient's ability for self-care. The items in this measure are weighted to account for the amount of physical assistance required when the patient is unable to carry out a function. A total score of 100 indicates complete independence. There is sufficient evidence for the reliability and validity of the Barthel Index when used with older adults (Mahoney & Barthel; Resnick & Daly, 1997) . Specifically, estimates of internal consistency range from alpha coefficients of .62 to .80, and validity is based on a high correlation between direct observation of the Barthel Index and the functional inventory measure (r = .97, p < .05).
Data Analysis
Validity testing was based on convergent validity. Specifically, it was anticipated that the PAS-LTC would be significantly correlated with the Barthel Index and with the counts of activity recorded on the ActiGraph. Pearson correlations, which measure the strength of the linear relationship between two variables, were used to estimate convergent validity. Consideration was given to the relationship between day, evening, and night reports on the PAS-LTC, as well as the summed full-day activity. We tested to evaluate interrater reliability, given that this was an observational measure. Intraclass correlations were used to estimate interrater reliability because Pearson's correlation can only be used if assessing for reliability between two scores with equal means and variations (Shrout & Fleiss, 1979) . Specifically, we used a two-way random-effects model to calculate intraclass correlations. In this model judges were conceived as random, and the judges rated targets chosen at random. The single measure of reliability was reported. A total of 30 nursing assistants completed the PAS-LTC on the 13 consented residents. A total of 13 pairs of raters were evaluated. All analyses were statistically significant at the p < .05 level, and correlations of .70 or greater were considered sufficient evidence of reliability (Nunnally & Bernstein, 1995) .
Results
The mean scores for function and activity based on the Barthel Index, the PAS-LTC, and the activity counts from the ActiGraph are shown in Table 1 . The participants generally required significant help with activities of daily living based on a mean Barthel Index score of 48.1 ± 23.9, engaged in only 402.9 ± 238.9 min of physical activity over the course of a day (range 156.0-945 min), and demonstrated 63,673.2 ± 117,368.4 counts of physical activity based on the ActiGraph (range 2,135.0-428,204.0). The activity for all the residents never exceeded a light level (1,952 counts/min or less than 2.99 METs). There were no significant relationships between any of the demographic and descriptive variables and physical or functional activities of the residents.
There was support for the interrater reliability of the PAS-LTC based on intraclass correlations, with a statistically significant relationship between the scores of the two nursing assistants who completed the simultaneous evaluations. Specifically, there was a statistically significant relationship between the day nursing assistants, with an intraclass correlation of .83 (confidence interval .55-.95, F = 11.0, p < .05); the evening nursing assistants, with an intraclass correlation of .87 (confidence interval of .63-.96, F = 13.9, p < .05; the night nursing assistants, with an intraclass correlation of .94 (confidence interval .83-.98, F = 33.1, p < .05); and the total scores of physical activity throughout the day, with an intraclass correlation of .89 (confidence interval .68-.97, F = 16.9, p < .05). The interrater reliability of the Barthel Index was likewise supported, with a statistically significant intraclass correlation of .89 (confidence interval .71-.97, F = 18.3, p < .05).
There was some evidence of validity of the PAS-LTC based on a statistically significant relationship between the PAS-LTC completed by the primary nursing assistant during the evening and night shifts and the number of activity counts per the ActiGraph (r = .60 and r = .57, respectively, p < .05) and the expended calories estimated (r = .58 and r = .60, respectively, p < .05). Although they were not significant, the PAS-LTC completed during the day shift and total PAS-LTC showed correlations of .40 or greater with the Actigraph counts and calories (Table  2) . There was not a statistically significant relationship between the Barthel Index (amount of functional impairment) and overall activity based on the PAS-LTC (r = .10, p > .05).
Discussion
The findings from this study provide some initial support for the reliability and limited evidence for the validity of the PAS-LTC. The survey had very good interrater reliability, with significant intraclass correlations between the nursing assistants when completing the measure on a single resident. Observations of the nursing assistants completing the measures confirmed that there was no discussion occurring between the assistants regarding how to complete the form or how much activity was performed by the residents. These individuals are used to independently documenting such things as daily activities (e.g., food-intake, bowel, and bladder patterns and behavioral checklists) on the residents they care for, and the PAS-LTC was another form of documentation. Interrater reliability was supported across all shifts: day, evening, and night. The particularly high correlation between the raters on the night shift certainly suggests that reliability might be stronger in situations in which less activity is being engaged in and the rater has less information to recall and interpret. Times of higher activity such as days and evenings, however, maintained correlations of >.80. Moreover, it should be recognized that the measure was easily completed by the nursing assistants after a brief one-on-one training session, and they returned the survey at the end of the shift, filled out in a comprehensive fashion. There was limited support for the validity of the measure, because all of the proposed hypotheses related to validity were not consistently supported. Specifically, there was a significant relationship between the objective measure of physical activity based on the counts derived from the ActiGraph and evening activity as measured by the PAS-LTC. The relationship between overall activity and daytime activity as measured by the PAS-LTC and the counts on the ActiGraph did not achieve statistical significance. This might be in part a result of the small sample size in this study. It might also result from differences in activity levels during the different shifts. It has been noted in previous research (Dishman et al., 1992; Paffenbarger et al., 1993; Pols et al., 1996; Resnicow et al., 2003; Sims et al., 1999) that the validity or accuracy of a physical activity survey is generally better in times of higher, more vigorous activity. Although the participants in this study never achieved levels of "high" or "vigorous" activity, they were relatively more active (based on counts of activity) during the day and evening than at night, thereby explaining the increased evidence of validity of the measure used during these time periods. This is in contrast to the reliability of the measure, which seemed to be better when there was less activity for the reviewer to recall.
There was not support for validity of the PAS-LTC based on an anticipated relationship between the PAS-LTC and evidence of functional activities as measured by the Barthel Index. It was hypothesized that individuals who performed functional activities independently would be more physically active, although there was no relationship between function and physical activity. It is likely, particularly given the mean Mini Mental State Examination scores of this sample, that function was not positively related to overall physical activity because functional performance is influenced by cognitive ability (Farias, Mungas, Reed, Haan, & Jagust, 2004; Wlodarczyk, Brodaty, & Hawthorne, 2004) , mood (Onishi et al., 2004; Toso et al., 2004) , and other motivational factors (Resnick, 1999 (Resnick, , 2000 .
The Barthel Index was also negatively related to the number of counts identified by the ActiGraph, suggesting that individuals who were more independent with activities of daily living engaged in less physical activity over the course of the day. As previously indicated, this might be because of the cognitive status of the participants in this study and could be explained by wandering behavior or repetitive behaviors commonly noted in individuals with cognitive impairment. Moreover, no consideration was given to type of care provided by the nursing assistants. That is, it is possible that the nursing assistants were more likely to perform functional tasks for residents with cognitive impairment and label them as functionally dependent when in fact the individual might have had the ability to perform those tasks but did not do them.
Lessons Learned and Plans for Revisions
The PAS-LTC was very positively received by the nursing assistants who were asked to complete this survey. They particularly enjoyed having an opportunity to learn how their observations matched with the objective measure of physical activity among the residents. It was noted and appreciated that it was too difficult for the nursing assistants to report the exact start and stop times for each behavior on the measure. Future use of the tool, therefore, will only include the total time in minutes during the day, evening, and night periods for which the resident engaged in the activity. Although not used in the calculation of physical activity, there was a section in the PAS-LTC measure that had the nursing assistant record the amount of time a resident was sitting or lying (i.e., in periods of no physical activity). This also was noted to be extremely difficult to estimate and therefore will be removed from the measure in future testing and use.
Study Limitations
This study was limited by the small sample size and the inclusion of residents from only a single long-term-care site housing a homogeneous group of individuals. A larger study needs to be done to further establish the reliability and validity of the PAS-LTC, with consideration given to additional tests of validity such as considering the relationship between basal metabolic index and physical activity, which have been shown to be related (De Abajo, Larriba, & Marquez, 2001) ; testing the relationship between the PAS-LTC with other measures of physical activity relevant to the long-term-care population, such as the Algase Wandering Scale (Algase et al., 2004) ; and demonstrating the ability of the PAS-LTC to pick up change in physical activity over time after programs geared to increase physical activity, such as restorative-care programs or specific exercise programs for residents. Finally, consideration of physiological markers of physical activity such as VO 2max could be used to further validate the PAS-LTC.
Demonstrating the reliability and validity of a survey measure of physical activity relevant for older adults in long-term-care settings has important implications for clinical work and research. Such a measure will allow researchers to test interventions to increase physical activity among these individuals. Clinically, this will increase the accessibility of evidenced-based interventions for use among these individuals and will ultimately help older adults in long-term-care settings attain and maintain their highest level of health and function. 
